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Thin Plate Spline Regression Model Used at Early Stages of Soybean
Breeding to Control Field Spatial Variation
Abstract
Yield variation observed in Soybean (Glycine max) progeny‐row yield trial (PRYT) is the final result of line
genotypic merit, field spatial pattern, and experimental error. The spatial variation in field tests could
confound the estimates of genetic merits. The objectives of this research were to: i) quantify non‐genetic yield
variation in a soybean breeding PRYT; and ii) determine efficiency of the Thin Plate Spline Regression
(TPSR) model in adjusting yield because of variation caused by field spatial pattern. The 3rd objective was to
evaluate if the use of the TPSR model could improve the selection accuracy of PRYT unreplicated yield tests.
Uniformity Study, Early Generation Test, and Confirmation Study were conducted. Our results indicated that
large spatial variations in soybean PRYT field could be present as evaluated by the Uniformity Study
conducted with two commercial lines. In this experiment, the use of the TPSR proved to be effective in
reducing the error variance and the coefficient of variability, with an improvement in relative efficiency (IRE)
of 37.9%. In Early Generation Tests, 2565 lines were evaluated within test‐sets along with three checks. The
TPSR model also was effective in the Early Generation Tests, the IRE was 40.4%. The correlation coefficients
calculated between yield estimates obtained in two-year Early Generation Tests and Confirmation Study
improved by 0.21 points compared with results from the non‐TPSR experiments. The results indicated that
the use of TPSR model was effective in accounting for some of the spatial variation in field tests.
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Weather  Year  April  May   June  July  August  Sept. 
Rainfall (mm) 
2010  107.4  96.1  304.4  134.9  313.4  211.1 
2012  107.2  57.5  71.9  56.6  67.3  54.6 
1997 to 2011†  97.3  141.1  137.3  110.9  118.7  80.7 
Temperatureǂ 
(°C) 
2010  12.9  15.7  22.0  24.0  24.0  17.7 
2012  11.5  19.2  22.4  26.7  21.8  17.1 








































1  3601.8  664.0  18.4  4169.6  414.8  9.9 
2  4377.8  380.5  8.7  4184.4  254.8  6.1 
3  4352.4  444.9  10.2  4161.6  236.5  5.7 
4  4442.4  584.6  13.2  4168.6  354.0  8.5 
5  3646.1  352.3  9.7  4177.8  187.6  4.5 
6  3943.2  339.2  8.6  4184.4  172.1  4.1 
7  4319.1  466.3  10.8  4162.0  305.6  7.3 
8  4732.2  625.7  13.2  4190.1  323.5  7.7 
Grand 
mean  4176.9  482.2  11.6  4174.8  281.1  6.7 
MON1431ǂ 
1  3997.2  466.7  11.7  4428.6  323.1  7.3 
2  4254.9  589.5  13.9  4419.2  390.2  8.8 
3  4599.4  660.1  14.4  4426.2  474.6  10.7 
4  4731.9  811.6  17.2  4417.2  473.1  10.7 
5  4182.9  904.3  21.6  4426.7  570.5  12.9 
6  4393.8  464.4  10.6  4404.3  321.6  7.3 
7  4256.6  446.9  10.5  4388.8  297.1  6.8 
8  4888.9  944.3  19.3  4411.0  641.7  14.5 
Grand 
















Source  DF  Mean square        (kg ha‐1)  F‐value  P‐value† 
yield 
Line (v)  1  10724151.0***  28.91  1.01E‐07 
Block (b)  3  23375835.7***  63.01  2.18E‐36 
v x b  3  1263073.0*  3.40  0.017 
Error  760  370992.2       
yld_adj 
Line (v)  1  11100877.7***  77.47  8.97E‐18 
Block (b)  3  9673.7  0.07  0.977 
v x b  3  6631.0  0.05  0.987 




















Source  DF  Mean square         (kg ha‐1)  F‐value  P‐value 
yield 
RM  1  485050.0  0.87  0.350 
Year (y)  1  582775396.0***  2745.43  <.0001 
Line (v)  2567  1266547.0***  7.42  <.0001 
y x v  2567  544476.0***  3.85  <.0001 
Error  1199  566068.0       
yld_adj 
RM  1  176049.0  0.86  0.355 
Year (y)  1  552382770.0***  1029.52  <.0001 
Line (v)  2567  1492321.0***  2.24  <.0001 
y x v  2567  775079.0  0.96  0.786 
Error  1199  201201.0       
IRETPSR† = 40.4% 
*, **, *** Significant at P = 0.05, P = 0.01, and P = 0.001, respectively. 
† IRETPSR = ((SRMSEyield – SRMSEyld_adj))/SRMSEyield × 100%. 
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Table 5  Analysis on the basis of bi‐parental population performance for Pearson 
correlation coefficients (top) and P‐values (bottom) for significance between the 
Confirmation Study, and the Early Generation Tests for two years and by year with yield 
observations without the TPSR adjustment (yield) and with the TPSR adjustment (yld_adj), 
respectively. 
Population 
performance 
BLUP1012   
_TPSR† 
BLUP1012   
_unǂ 
BLUP10     
_TPSR§ 
BLUP10     
_un¶ 
BLUP12     
_TPSR# 
BLUP12     
_un†† 
BLUP_true‡  0.61        0.006** 
0.40        
0.094ns 
0.54        
0.018* 
0.43        
0.065ns 
0.57        
0.011* 
0.24        
0.324ns 
Note: BLUP stands for the best linear unbiased prediction for individual populations calculated by the mean of 
the individual line BLUPs within population. 
*, ** Significant at P = 0.05 and P = 0.01, respectively; ns F test non significant at P = 0.05. 
† PopulaƟon BLUPs were estimated based on yld_adj from two‐year Early Generation Tests. 
ǂ Population BLUPs were estimated based on yield from two‐year Early Generation Tests. 
§ Population BLUPs were estimated based on yld_adj from the Early Generation Test in 2010. 
¶ Population BLUPs were estimated based on yield from the Early Generation Test in 2010. 
# Population BLUPs were estimated based on yld_adj from the Early Generation Test in 2012. 
†† PopulaƟon BLUPs were estimated based on yield from the Early Generation Test in 2012. 
‡ Population BLUPs were estimated based yield from the Confirmation Study. 
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Figures	
	
Fig.	1		Heat	map	for	yield	observations	without	the	TPSR	model	adjustment	(yield)	of	the	
Early	Generation	Tests	in	2010	(left)	and	2012	(right),	respectively.	
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Fig.	2		Heat	map	of	check	residuals	estimated	from	the	linear	model	with	check	as	fixed	
effect	based	on	the	check	plot	yield	observations	from	the	Early	Generation	Test	in	2010	
(top/left),		and	the	heat	map	of	the	predicted	spatial	patterns	using	the	TPSR	model	based	
on	the	check’s	residuals	from	2010	Early	Generation	Test	(top/right);	the	heat	map	of	
check	residuals	estimated	from	the	linear	model	with	check	as	fixed	effect	based	on	the	
check	plot	yield	observations	from	the	Early	Generation	Test	in	2012	(bottom/left),		and	
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the	heat	map	of	the	predicted	spatial	patterns	using	the	TPSR	model	based	on	the	check’s	
residuals	from	2012	Early	Generation	Test	(bottom/right).	
	
	
